min; P = 0\m=.\043). There was a significant decline in pulse amplitude from 6\m=.\7\m=+-\1\m=.\2to 3\m=.\4\ m=+-\0\m=.\6 ng/ml (both groups combined) after the introduction of rams (P = 0\m=.\040). Of the 11 ewes, 7 subsequently ovulated and a preovulatory LH surge was observed in 6 of these 30\p=n-\36h after ram introduction.
In the second experiment, with seasonally anoestrous Pr\l=e'\alpes-du-Sudewes, the effect of the timing of the introduction of rams on the periovulatory events was tested. The delay to the onsets of oestrus and the LH surge was not affected, but the ovulation rate was higher after ram introduction in the morning (1\m=.\42) than in the evening (1\m=.\14).
In the 12-h period before the introduction of the rams in the first experiment, there was a difference between the groups in the secretion of LH, but the existence of diurnal rhythms in the concentrations of LH or FSH were not confirmed in a later study in which 7 ewes were sampled every 20 min for 36 h. In contrast, there was a distinct diurnal variation in the secretion of prolactin, with the highest values being recorded at night and the lowest around midday (P . Daily rhythms in the secretion of melatonin, cortisol, growth hormone and prolactin have been described for the ewe (Davis & Borger, 1974; Rollag & Niswender, 1976; Fulkerson & Tang, 1979; Walton, Evins, Fitzgerald & Cunningham, 1980) . There is also evidence for similar rhythms in the concentrations of luteinizing hormone (LH) and follicle-stimulating hormone (FSH) in rams Lincoln, Peet & Cunningham, 1977; Ortavant et al, 1982) . They have yet to be fully investigated in ewes, although we have observed that most ewes experience the onsets of oestrus and the LH surge at night (Fabre-Nys, Martin, Cognié & Thiéry, 1984) . Since diurnal rhythms affect the activity of the reproductive system, the response of ewes to the ram effect would depend on the phase of the rhythm during which the stimulus was applied, i.e. the time of day of the rams are introduced. This factor has not been taken into consideration in previous experiments.
In this article we describe experiments in which we studied the ram-induced responses in the secretion of LH in anoestrous ewes and tested the hypothesis that the timing of the introduction of rams determined the ovulatory and endocrine responses. We also studied the hormone concen¬ trations in anoestrous ewes in detail and tested for diurnal variation in the secretion of LH, FSH and prolactin.
Materials and Methods
Since birth, the ewes had been maintained indoors in large pens under natural lighting through large windows. The experiments with Romanov ewes were carried out at Nouzilly in mid-June when the daylength was about 16 h and dawn was at 03:50 h. All manipulations at night were car¬ ried out with the aid of small, very faint lamps. The ewes were fed a mixture of hay (800 g/head/ day), lucerne pellets (300 g/head) and cereal grain (400 g/head) between 07:00 and 08:00 h daily. They had free access to water. Blood was sampled 3 times weekly and analysed for progesterone (Terqui & Thimonier, 1974) to verify that the animals were anovulatory. This procedure was preferred to laparoscopy, the stress of which has been shown to disrupt the ram effect (Martin, Oldham & Lindsay, 1980b (Group AM-2) or the evening (Group PM-2), to ensure that the ewes that responded would show oestrous behaviour. The sponges were then withdrawn in the morning (Group AM-2) or the eve¬ ning (Group PM-2) and at the same time 3 entire rams wearing aprons (to prevent insemination) were introduced. Blood samples were taken every 2 h from the withdrawal of sponges until 24 h after the ewes were first detected in oestrus. Plasma was separated and assayed for LH. Beginning 12 h after sponge withdrawal, the ewes marked by the rams were noted every 4 h and the rams were replaced. The ewes underwent laparoscopy 9 days later to determine the proportion ovulating and the ovulation rate (ovulations per ewe ovulating).
Experiment 3. The 7 Romanov ewes had been continuously in the presence of rams for at least 6 months and this condition was maintained throughout this experiment. With the aid of indwelling jugular catheters inserted the previous day, blood was sampled every 20 min for 36 h beginning at 04:20 h. The plasma was separated and stored at -15°C until assayed for LH and FSH. Prolactin concentrations were also measured to estimate the integrity of the circadian rhythms of the ewes under these conditions. Hormone assays. Concentrations of LH were measured in duplicate aliquants of 100 µ plasma by a double-antibody radioimmunoassay as originally described by Pelletier, Kann, Doláis & Rosselin (1968) . The activity of the standard (M3 CNRS) was 1-8 i.u./mg NIH-LH-S1 (M. Jutisz, C.N.R.S., Gif-sur-Yvette, France), the lowest point on the standard curve that was outside the range of the zero replicates was 60 pg/tube, and the non-specific binding was < 5%. The withinassay coefficient of variation was < 10%. The radioimmunoassay for FSH has been described in detail by Blanc & Poirier (1979) . We used duplicate 50 µ samples of plasma, preparation CNRS-FSH-P26 as a standard (activity 14 i.u./mg NIH-FSH-S3) and preparation (36 i.u./mg NIH-FSH-S3) for the tracer. The limit of detection of the standard curve was 100 pg/tube and the within-assay coefficient of variation was 10%. Prolactin concen¬ trations were measured with the assay described by Kann (1971) . We used duplicate aliquants of 20 µ plasma and the preparation NIH-P-S6 as a standard and tracer. The limit of detection was 0-3 ng/ml and the coefficient of variation (within assay) was 8%. All of the samples for a given experiment were assayed for each hormone in a single assay with standard curves at both the beginning and end of the assay.
Data analysis. Pulses of LH were defined as described elsewhere (Martin, Scaramuzzi & Henstridge, 1983) . In brief: (1) both the increase and the subsequent decrease in concentration had to exceed the sum of the assay errors (coefficient of variation) appropriate for the concentrations at the onset and the peak of the pulse; (2) the increase had to occupy no more than two sampling inter¬ vals and the decline had to begin within two sampling intervals of attainment of the peak. Pulse amplitude was calculated by subtracting the concentration at the onset of the pulse from the peak concentration, and pulse interval was estimated as the time between successive peaks. There was generally more than 1 measure of both variables for each profile so a mean was calculated and used in the analysis of treatment effects. When fewer than 2 pulses were observed, the longest period without pulses was used as an (under) estimate of the real interval. The data from 1 ewe in Group AM-1 were omitted from the analysis of pulse amplitude because no pulses were observed during the sample period. The effects of treatment were tested for statistical significance by analysis of variance, using paired comparisons to test for the effect of rams or one-way analysis (model II) to test for the effects of pulse parameters before ram introduction on the responsiveness to the rams.
The effects of treatments on ovulatory responses were tested by 2. All of the statistical methods used are described by Sokal & Rohlf (1969 before the introduction of rams was 51 + 0-3 ng/ml, and there was a wide degree of between-ewe variation (range: 3-6-6-6 ng/ml). The mean values of FSH were 4-7 + 0-3 ng/ml (N = 6) for Group AM-1 and 5-5 + 0-4 ng/ml (N = 5) for Group PM-1. These were not signifi¬ cantly different. When the data for the two groups were plotted on a common time axis, it appeared that the concentrations of FSH fell below the mean by 5-7% during the morning and rose above it by a similar amount during the afternoon (data not shown). However, the differences between nadir and peak values were not significant for Group AM-1 (LSD 13-6%) or Group PM-1 (LSD 13-3%).
After the introduction of rams ( were placed with Ewe 6 in the morning and with the other ewes in the evening. Note the change in sampling frequency from once every 20 min in the first 24 h to once every 4 h towards the end of the observation period, and the higher concentration scale used to plot the preovulatory surge of LH (broken line).
In 6 of the 7 ovulating ewes, a preovulatory surge of LH was observed before the end of sam¬ pling (Text- fig. 1 ) within 48 h of the introduction of rams. The delay from the ram introduction to the surge was directly proportional to the pulse interval following the ram effect, but the correlation coefficient (0-71) was not statistically significant. There were no significant relationships between the pulse interval before ram introduction and any of the responses observed. Apart from the effect on delay to the first pulse, ewes in Groups AM-1 and PM-1 responded similarly to the ram stimulus, there being no significant differences in the proportion of ewes ovulating, the pulse intervals, the ovulation rates or the delays to the LH surge.
Experiment 2
The delays to the onset of oestrus and the LH surge, and the proportion of ewes ovulating (Table 2) were not affected by the time of ram introduction. However, the ewes in Group AM-2 had more multiple ovulations than did ewes in Group PM-2 (P = 0069). 
Experiment 3
Pulses of LH were evident in all ewes (Text- fig. 2 ) and, although the overall mean pulse interval (472 + 46 min) and amplitudes (5-3 + 1-03 ng/ml) were similar to those observed before the ram effect in Exp. 1, there was considerable variation both between and within animals. The within-ewe variation in pulse interval was due to a 'grouping' of the pulses so that a long interval was followed by a series of shorter intervals (Text- fig. 2 ). There did not appear to be any daily variation in either pulse amplitude or pulse interval, nor was there evidence of a more favoured period for the release of pulses. There was a significant (P < 0-025) effect of sampling time on the plasma concentrations of prolactin and when the means for each 2-h period were plotted (Text- fig. 3 ) the daily variation became evident. The highest values were observed during the night and the lowest during the day but the onsets of the rising and descending phases of the rhythm did not appear to coincide with solar dusk or dawn, or the feeding times. The prolactin concentrations for individual ewes varied between 88 and 213 ng/ml. There was no significant diurnal rhythm in the FSH concentrations, which rose continuously throughout the course of sampling (Text-fig. 3 ).
Discussion
In the experiments described here, the pattern and timing of the endocrine and ovarian responses to the ram effect were similar to those observed in our earlier work with other breeds (Oldham, Martin & Knight, 1978; Martin et al, 1980a; Poindron et al, 1980 ), but we have expanded upon our pre¬ vious knowledge by demonstrating that the increase in LH pulse frequency induced by the rams is accompanied by a decrease in pulse amplitude, that the magnitude of the frequency increase deter¬ mines whether the ewe will ovulate and that the LH response is far more rapid and the ovulation rate is higher if the rams are introduced in the morning rather than the evening.
The cause of the diurnal variation in responsiveness to the ram effect remains to be deter¬ mined. The LH response could have the same origin in the central nervous system as the rhythms in melatonin, prolactin, growth hormone and corticosteroid, or it could be a consequence of these rhythms. With regard to the difference in ovulation rate between ewes in Groups AM and PM, it seems likely that the ovary is also following one of these endocrine rhythms because the ovulatory response to an injection of PMSG also depends on the time of day the injection is given (Cognie, Martinet & Schirar, 1984 Martin, 1984) , could lead to chance observation of a 'favoured' period, especially with brief sampling periods. We therefore suggest that any temporal distribution in the secretion of a hormone released in pulses should be interpreted with caution.
A diurnal rhythm in the secretion of FSH, with a decline in levels in the morning followed by an increase in the evening, has also been observed in sheep Blanc et al, 1981) . The profile we observed in Exp. 1 was strikingly similar to this and led us to attempt to verify it in Exp. 3, which was designed expressly for the detection of diurnal rhythms. We were unable to confirm its existence and suggest that further investigation is required.
The high nocturnal and low diurnal levels of prolactin observed in Exp. 3 are similar to the patterns seen previously in rams at Nouzilly (Ravault & Ortavant, 1977) and in ewes in other laboratories (Davis & Borger, 1974; Walton et al, 1980) . However, there was considerably more variation in the timing and degree of expression of the rhythm in the present experiment than in the other studies. In most of the previous studies, the animals were maintained under artificial photoperiods in which dawn and dusk were abruptly and precisely determined by 'lights on' and 'lights off. In the present experiment, carried out under natural lighting, dawn and dusk were detected by the ewes, suggesting that the rhythm may be best expressed only with abrupt changes in environmental lighting.
In the first study of the effect of the introduction of rams on the secretion of LH, we suggested that the frequency of pulses before stimulation could determine the magnitude of the subsequent endocrine response and that this would then determine the ovarian responses (Martin et al, 1980a Baird, 1982; McLeod, Haresign & Lamming, 1982) .
Also for the first time, we report that a decrease in pulse amplitude accompanies the increase in pulse frequency induced by the introduction of rams. This effect on amplitude is similar to that observed in ewes following the transition from the luteal phase to the follicular phase during the breeding season (Baird, 1978; Thomas, 1983) , and is either a direct consequence of the increase in pulse frequency (review: Martin, 1984) , or an indirect consequence through a reduction of pituitary responsiveness to GnRH by oestradiol (Goodman & Karsch, 1980) released in response to the high frequency of LH pulses (Scaramuzzi & Baird, 1977) .
Before the experiment described here, it was not known whether Romanov ewes would respond to the ram effect. In the original descriptions of the characteristics of the breed, published in Russia as early as 1802, it was claimed that the ewes could display oestrus at all times of the year (review: Desvignes, 1971 ). Our results suggest that these observations could be explained by the response of Romanov ewes to the ram effect. Furthermore, the ewes also maintain their high potential for multiple ovulation despite the inhibitory effects of the anoestrous season, as do Merino ewes immunized against androstenedione (Martin, Scaramuzzi & Lindsay, 1981) . Further investigation is warranted as the ram effect is potentially very useful in intensive breeding programmes (Marcus, Hackett & Robertson, 1981; in which the more fecund breeds (such as the Romanov) perform best (Notter & Copenhaver, 1980; Cornu & Cognie, 1984) .
